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GENEVA

Combines 3 key ingredients in a
single framework:

Fully Exclusive NLO Calculations do_peuy do
> NLON, NLON+1, 0o

SCET, but not limited to it)
» LLo, NLLp, NLLp, NNLL, ...

B
Higher-order Resummation (using l’
R

Parton Shower and Hadronization
» Pythia8, Herwig++, ...

-
"y
-l

GENEVA guiding principle

Give a coherent description at the Next-to-Lowest perturbative accuracy in
both fixed-order perturbation theory and logarithmic resummation, including
event-by-event theoretical uncertainties, and combine it with parton shower
and hadronization.
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Recipe for an IR-safe definitions of events beyond LO

Only generate “physical events”, i.e. events to which one can assign an
IR-finite cross section do™°.

Introduce a resolution parameter 7n, 7 — 0 in the IR region. Emissions
below 75" are unresolved ( i.e. integrated over) and the kinematic
considered is the one of the event before the emission.
An M-parton event is thus really defined as an N-jet event, N < M, fully
differential in @ ( )

e Price to pay: corrections in powers of 75"t due to PS projection.

o Advantage: vanish for IR-safe observables as 75" — 0

Iterating the procedure, the phase space is sliced into jet-bins
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IR-finite cross section do™°.

Introduce a resolution parameter 7n, 7 — 0 in the IR region. Emissions
below 75" are unresolved ( i.e. integrated over) and the kinematic
considered is the one of the event before the emission.

An M-parton event is thus really defined as an N-jet event, N < M, fully
differential in @ ( )

e Price to pay: corrections in powers of 75"t due to PS projection.
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Inclusive N-jet bin
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dU>N
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11 < 27 11 > 24

cut
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Recipe for an IR-safe definitions of events beyond LO

Only generate “physical events”, i.e. events to which one can assign an
IR-finite cross section do™°.

Introduce a resolution parameter 7n, 7 — 0 in the IR region. Emissions
below 75" are unresolved ( i.e. integrated over) and the kinematic
considered is the one of the event before the emission.
An M-parton event is thus really defined as an N-jet event, N < M, fully
differential in @ ( )

e Price to pay: corrections in powers of 75"t due to PS projection.

o Advantage: vanish for IR-safe observables as 75" — 0

Iterating the procedure, the phase space is sliced into jet-bins

Exclusive N-jet bin Inclusive (N + 1)-jet bin
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Recipe for an IR-safe definitions of events beyond LO

Only generate “physical events”, i.e. events to which one can assign an
IR-finite cross section do™°.

Introduce a resolution parameter 7n, 7 — 0 in the IR region. Emissions
below 75" are unresolved ( i.e. integrated over) and the kinematic
considered is the one of the event before the emission.
An M-parton event is thus really defined as an N-jet event, N < M, fully
differential in @ ( )

e Price to pay: corrections in powers of 75"t due to PS projection.

o Advantage: vanish for IR-safe observables as 75" — 0

Iterating the procedure, the phase space is sliced into jet-bins

Exclusive N-jet bin Inclusive (N + 2)-jet bin

I

I

1

MC MC
do—%c at : d0N+1 T > TCUt' dUZN+2 7— ut
; -1 > TN,

dd N (TJS’ ) : d(I:'N+1( N N dPn o ( N N

| cu cu

! TN T > TaE)

I

| .

Tﬂcut ’Tic‘lt
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Jet-resolution variable

Use N-jettiness as resolution parameter. Global physical observable with
straightforward definitions for hadronic colliders, in terms of beams ¢, and
jet-directions g;

2 2
Tv = o Somin{gi i, s an o} = Ty = e} > min{qa - pr, 2 A1 Phy ooy AN DR}
k k

1 Jet 1 b \‘\\ Vas 1 Jet 1 ,/,’/

et

7 . 7 , N \\\
Jet 2 2 N Jet2 2 ) Jet3 3~ a
N-jettiness has good factorization properties, IR safe and resummable at
all orders. Resummation known at NNLL for any N in SCET (stewart etal. 10042489,
T~ — 0 for N pencil-like jets, 7x > 0 spherical limit. 1102.4344]
Framework not limited by resolution parameter choice: other options
currently being investigated.
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Perturbative accuracy

Peak Transition Tail

O(a;) from O(a;) from O(a;) from

resummation = resummation fixed order
+ fixed order

»
>

Ti:ut 7'
excl. N jet ¢————p incl. N+1 jet

Fixed NLOx: calculations are insufficient outside FO region
Lowest accuracy across the whole spectrum in MEPS: CKKW, MLM

Standard NLO+PS (POWHEG, MC@NLO) improve total rate, not
spectrum
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Perturbative accuracy

(Notation: 7 = 7 /Q,L = InT, Leye = In Tout)

NLL NLL. NNLL

cut
o(r )= Lo
oB
+ o + croleut + €1,-1 + F,(ru)] NLOy
+ off + o+ 4
1d
T =a/7| + e+ rH(M)] Lo
op dr
+al/7| + c22L? + eal + c20 + Tf,(7)] NLON:1
+ad/7| + L+ 4

Lowest pert. accuracy everywhere requires NLL7+ + LOn 41
o NLL because a,(a? L?™) = a, in the peak.

Next-to-Lowest pert. accuracy everywhere requires NNLL7 + NLOn 1
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GENEVA Master Formula arXiv:1211.7049

oon = / a7 (T + / A1 dq) (M) 8T > T
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GENEVA Master Formula arXiv:1211.7049

o>N = /dq:'N don (7" +/d<I>N+1 don ('T) o(T > T°)

o

Cumulant: T integral over exclusive N-jets bin up to 7

da_l‘eSle

de

resum

(Tcut:) — (Tcut) + I: (Tcut) o (Tcut)
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GENEVA Master Formula arXiv:1211.7049

o>N = /dq:'N don (7" +/d<I>N+1 don ('T) o(T > T°)

o

Cumulant: T integral over exclusive N-jets bin up to 7

da_l‘eSle

de

resum

(Tcut:) — (Tcut) + I: (Tcut) o (Tcut)

Spectrum: 7 distribution of inclusive N + 1-jets sample above 7¢"*

do (7—) - dO'FO ( ) |:do_resum dgresum :|
d®n 1 © d®nN41 dendT / d®N dT |po
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GENEVA Master Formula arXiv:1211.7049

o>N = /dq:'N don (7" +/d<I>N+1 don ('T) o(T > T°)

o

Cumulant: T integral over exclusive N-jets bin up to 7

da_resum

de

resum

(Tcut:) — (Tcut) + I: (Tcut) o (Tcut)

Spectrum: 7 distribution of inclusive N + 1-jets sample above 7¢"*
do (7—) - dO'FO ( ) |:do_resum do_resum :|
d® N1 T dPN41 dendT / d®N dT |po
Correctly reproduces the expected limits for 7 — 0 and 7 ~ Q.
Enforcing that leftover dependence on 7°"* drops at the order we are
working: spectrum is derivative of the cumulant
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GENEVA Master Formula arXiv:1211.7049

O>N = /d‘I>N Erye (7" +/d‘I>N+1 Erye (T) o(T > T°)

o

Cumulant: 7 integral over exclusive N-jets bin up to 7

da_resum

den

resum

do uty __ ut cut cut
ey = G0 ey 4[4 e - (7

Spectrum: 7 distribution of inclusive N + 1-jets sample above 7¢"*
do dO'FO do resum do resum
de (7) = d® N (7) {d@ d7/ d® }
N+41 N+1 N N
Correctly reproduces the expected limits for 7 — 0 and 7 ~ Q.
Enforcing that leftover dependence on 7°"* drops at the order we are
working: spectrum is derivative of the cumulant

e MonteCarlo’s perspective: e Resummation’s perspective: takes
increases SMC resummation while the resummation of 7 and
including multiple NLO. produces fully differential results.
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First application: ete— — jets

Use 2—jettiness and

Lt i BT BT 3—jettiness as
To<T 1 T>T" resolution parameters
- «7—1 < 71\‘\\1
7—2(’\|I, 7*:; ut R -
l l l T3 =FEem (1 — maxs 2 [P ;ka>
Zk ||
: ‘>< :Ecm(l - T)
dO' cut dU cut diU
E(TZ ) E(TQ’T‘ ) + d'1>4(7—2’7§)
NNLL/ 7, +NLO; NNLL/ 7, +NLOg
\/ Simpler process to test our \/ Several 2-jet shapes known to
construction. NNLLo+NNLOs.
V" Thrust spectrum known to N*LL++ +/ LEP data available for validation.
NNLO3.
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Validation of 7> resummation

GENEVA precisely reproduces full NNLL+NLO3 analytic result :
simply getting out what we put in!

12 NRARNRARRRRARRNRRRARRRRRNRARARRARRRnannn Rann T o vy B
\ LEP (91.2GeV) 3 = . 7
310 GENEVA NNLL,+NLO; 3 ~ Ol g e E
[} +Partonic ERr E E
QS E g L &
, E|
2 B8 NNLL'4NLO; 1 2 .01 LLEP (91.2GeV) _
Aoy 0 Wy 0 e NNLL/ +4 & UL , E
a E F GENEVA NNLL/4NLOgy 7
W L NLOs E F '8 E
T oy EREe] *—I—Partonic ]
~ 3 < = 4
s 3 % jo-3 EEE NNLL/4NLO,
2 E F i NNLL
S —— [~ NLO,
ol o b Lo b i Lo b Lo L 3 S F T
0o 1 2 3 4 5 6 7 8 9 10 20 25 30
T: [GeV] T5 [GeV]

e Error bars are always theory uncertainties, obtained via scale variations.
Statistical uncertainties negligible and not shown.

e Resummation unc. obtained via quadrature sum of single scale variations
(us, pg) inside profile scale bands plus direct sum of FO uncertainties (ux)-

e Theoretical uncertainties agree across most of the spectrum, differences after
kinematic 3-body endpoint consequence of different matching procedure
(multiplicative vs. additive).
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Validation of 7> resummation

GENEVA precisely reproduces full NNLL+NLO3 analytic result :
simply getting out what we put in!
12

TTTT T T T T [T T T T T T T T T T T Ty e I L A B
\ 4

L4 grrr e T
LEP (91.2GeV)  GENEVA NNLL/+NLO;3

+ Partonic

—
(=]

3
g8 % ,
> 5 B NNLL/4+NLO; i
£ 6 = E|
S A, 1
=) 4 ~ 7
N 5 ]
© ®

2 kel

0

0 1 2 3 4 coc b b bon b beee o b b o

7 %0 11 12 13 14 15 16 17 18 19 20 r; [GeV]
T: [GeV]

e Error bars are always theory uncertainties, obtained via scale variations.
Statistical uncertainties negligible and not shown.

e Resummation unc. obtained via quadrature sum of single scale variations
(us, ng) inside profile scale bands plus direct sum of FO uncertainties (ux)-

e Theoretical uncertainties agree across most of the spectrum, differences after
kinematic 3-body endpoint consequence of different matching procedure
(multiplicative vs. additive).
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Interface with the parton shower

The final-state shower must not be allowed to spoil NNLL+ accuracy of
GENEVA, but only used to fill out jets.

l Parton shower (Pythia8) l

P — e

Tz spectrum for 3 and 4-parton events constrained by higher-order
resummation. Only allow small variations ATz < 75" (1 + ¢).

2-parton events must remain in 2-jets bin, up to small corrections
Similarly for 7;(®4) spectrum and 3-jets bin. Proxy for 7-ordered PS.
Shower unconstrained in the far tail at the moment, since only LO, there.
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Interface with the parton shower

The final-state shower must not be allowed to spoil NNLL+ accuracy of
GENEVA, but only used to fill out jets.

14 e T T T T T T T T T T 14 e T T T g
12 E LEP (91.2GeV) 3 E LEP (91.2GeV) 3
— E GENEVA partonic E E GENEVA+PYTHIAS E
% 10 ; Total é ; Total showered é
Q ; 2-parton ; ; 2-parton showered ;
g 8 El ---- 3-parton 3 ---- 3-parton showered 3
E 6 ; —-— 4-parton E —-— 4-parton showered E
S E E
e 4F E E
< E E
2E i - E

05 drmTindT e md AT T bo e s 0E W LT T e e T e o mer b

o 1 2 3 4 5 6 7 8 9 10 0O 1 2 3 4 5 6 7 8 9 10
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Interface with the parton shower

The final-state shower must not be allowed to spoil NNLL+ accuracy of
GENEVA, but only used to fill out jets.

l Parton shower (Pythia8) l

P P P

R R R N RRRERERTEE
\ RRARNRRRR) Ran ) RRARN R AR L4 prrrr T T e T e e
» LEP (912GeV) 3 1o LEP (91.2GeV)
= GENEVA NNLL7+NLOy 3§ **7¢ GENEVA NNLL,+NLO3
3 s &= Showered (PyTiIAS) I % 1 A = Showered (PYTHIAS)
E + Partonic E g 0.8 E EE" —}— Partonic
3 o 0.8F oI
E 6 B NNLL/+NLO; 4 = E ""Eﬁt-.., B NNLL/+NLO;
& 3 1~ 0.6 Ry
1 K 90 "EE-
T a4 4 3 E “RRp
0 3 904 SRR
< ERE! E AR
9 E E Ssss
E 0.2
o Bl L b e L Lo 3 Bl bbb b b Lo
0 1 2 3 4 5 6 7 8 9 10 10 11 12 13 14 15 16 17 18 19 20
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

C-parameter — perturbative structure very similar to 73

70 T I

250 g RaRRAIAAR RRRRALLAR: RARRALLA: T AARRRAR q F T ! I | ;T 3
E LEP (91.2GeV) 3 GOi LEP (91.2GeV) GENEVA NNLLT+NL0;,£

E ) ; , . 3 E B
200 & GENEVA NNLL/+-NLOjy E E 3

+ Partonic

o
=)
7
|

+ Partonic

N
(=]

do/dC [nb]
)
S

™)
=
TTTTTTT

—

5]

T
|

(=4
wr
ofF
Wl
(51
oF
[Ny
ofF
e
<,
oF
<,
of
wE
(31
O:
o
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

C-parameter — perturbative structure very similar to 73

70 Err T I T

250 L e F \ \ \ [T ]
E LEP (91.2GeV) 3 GOi LEP (91.2GeV) GENEVA NNLL7+NLOj3 {
200E GENEVA NNLL,+NLO; ] E == Showered (PYTHIAS]]
E —— Showered (PYTHIAS)J 50 —}— Partonic E

=) E +Partonic El "E E E
£.150 E 540; 3
¢ E E F 1
) E 3 Z30F 3
E 3 ~ E |

g l00E ERC: f
c ok E 20F =
50 q E E

E El 10F 3
0Bt L L Lo L L 3 Bl b b b o d

0 0.05 0.1 015 0.2 025 0.3 93035 04 045 05 055 0.6

C (o
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

C-parameter — perturbative structure very similar to 73
250 70 R A R R LA R

= LEP (91.2GeV) 3 FELEP (91.2GeV) GENEVA NNLL/+NLO3 7
200; GENBVA NNLL, +NLO, 3 60 = Showered (PYTHIAS]]
E —— Showered (PYTHIA8)3 50 —+ Partonic E
= 5] +Partonic El "E E B
E.150 4 Eaof NLL{4LO. E
) | ERE TR ESE NLL+LO; ]
a8 3 E |
Z ook 3 Z300 3
S 100§ =4 B7F 1
3 -] C 3
< El 20 I
50 :| E =
3 10 =
OB b b Lo b 3 Bl b b b o d

0 005 0.1 015 0.2 0.25 0.3 93035 04 045 05 055 0.6

C (o
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

C-parameter — perturbative structure very similar to 73

250 70 rrrrrrrT TR T

T T T T T T ]
\ LEP (91.2GeV) J LEP (91.2GeV) GENEVA NNLL/+NLOj3

200 : GENEVA NNLL/+NLO; E 60 — Showefe(l (PYTHIAS
; —— Showered (PYTHIAS) ] 50 —}— Partonic
Z 150 —t Partonic ) B NNLL,+NLO;
; E V’ El g 40 E=5 NLL,,+LO;,
1 =
% 100 | ERS
R [ 3 T

20 TR -

so gl | B NNLL,+NLO;
E=5 NLL,{LO;

10

il E b b oo i oo
0 0.05 0.1 0.15 0.2 0.25 0.3 %.3 0.35 0.4 0.45 0.5 0.55 0.6
C C
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

Heavy jet mass — perturbative structure partially related to 73

1200 Empr v 1 120 g T
! LEP (91.2CGeV) 3 & LEP (91.2 GeV)
1000 GENEVA NNLL/+NLO. GENEVA NNLL7+NLO;
— —— Showered (PYTHIA . —— Showered (PYTHIAS8)
c 800 —— Partonic ’i —— Partonic
S 600 ﬂ B NNLL)+NLOy =
T =0 NLL,+LOs N
< 400 < 40 B,
200 4 20 B NNLL/+NLOg
E | £ NLL, L0,
0 3 AT TSR T aa T NN SRR FRRNRTNeT
0 0.02 0.04 0.06 0.08 0.1 .1 0.12 0.14 0.16 0.18 0.2
P P
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Accuracy of observables different from resolution parameter

After showering we are formally limited by shower resummation for generic
observables O # 7;. Naively, only (N)LL is expected.
What is the perturbative accuracy we obtain for other © ?

Jet Broadening — perturbative structure completely different from 73

500:“““‘“\‘““““\““““‘\““““‘: 100HHH\H‘\HHHH‘HHHH\‘\HHHH‘\HHHH
E LEP (91.2GeV) § [ LEP (91.2GeV) GENEVA NNLL7+NLO;
400 E GENEVA NNLL/+NLO3 3 125 & —— Showered (PYTHIA&),
3 ——— Showered (PYTHIA8)J E —}— Partonic
i 300 ; < —}— Partonic E E 100 : B NNLLp+LO, —
E E=E NNLLp+LO; 3 R e
8 N TS, - NLLp E 3 SE
o 200 & ERN:
< E 3 = 50f
1002 E 25F
N T P PP S PO O s sl
0 0.2 8‘15 0.17 0.19 0.21 0.23 0.25
B B

Good agreement in central values and scale uncertainties envelopes at
NNLL, also for observables with a very different resummation structure.
NNLL resummation allows to push 7"t to very small values, effectively
replacing the shower evolution.

Ultimately, we rely on Pythia8 hadronization model for non-pert. physics.
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Hadronization and comparison with LEP data.

e Two-jettiness = E..,(1 - T)

12 g T T T T T
AR ARRAAN RS AR R RARRN RN RN RARRN RRAL= L T [ T T T T T
E { ALEPH (91.2GeV) 3 1.2 GENEVA+PYTHIA8
;10; [ oraL@2cGev) 3 1 E== Dofault 3
o 8; 5 GENEVA+PYTHIA8 3 % 1 ---- Tune 3 3
9 2 :_n 5 = Default E g —— a,(mz)=0.118 E|
‘g ﬁi N "_I_ —--- Tune 3 E -g 0.8 No hadr. 3
T~ Ed R —_a, —o118 3§ E|
g el 2 @e(mz) 1 wos E
T oaE = No hadr. 3 3
e 3 904 3
R o ER 0L } ALEPH (912GeV) =
=3 = “E 1 OPAL (91.2GeV) E
obB oo Lo b b Lo b Lo Lo Bl b b e bl b b b 3
0 1 2 3 4 5 6 7 8 9 10 10 11 12 13 14 15 16 17 18 19 20

Tz [GeV] Ts [GeV]

Hadronization (non-perturbative effect) is unconstrained.

Default Pythia8 Tune1 with a.(mz) = 0.1135 from r fits. [Abbate et al. 1006.3080]
Large shift due to hadronization, O(1), in the peak.

Power suppressed effects elsewhere, as expected.
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Hadronization and comparison with LEP data.

e (-parameter

T0 T I Ty
2500 L T I \ :
E GENEVA+PYTHIAS 60 GENEVA-+PYTHIA8 E
200 E == Default == Default 1
E ---- Tune 3 50 -==- Tune 3 3
= E — — a,(mz)=0.118 = F —— a,(mz)=0.118 7
£.150 No hadr. =40 = No hadr. -
O E SN E
i = [l 3
S0 N ]
< g ® 90k B
50 = § ALEPH (91.2GeV) 10E { ALEPH (91.2GeV) 7
B I OPAL (91.2GeV) E ] OPAL (91.2GeV) ]
0 bbb oo d
0 0.05 0.1 015 0.2 0.25 0.3 b3 035 0.4 45 0.5  0.55 0.6

C C

Hadronization (non-perturbative effect) is unconstrained.

Default Pythia8 Tune1 with a..(mz) = 0.1135 from 7 fits. [Abbate et al. 1006.3080]
Large shift due to hadronization, O(1), in the peak.

Power suppressed effects elsewhere, as expected.
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Hadronization and comparison with LEP data.

e Heavy jet mass

1200 g g 120 g
3 { ALEPH (91.2GeV) 3 GENEVA+PYTHIAS
1000 | I opaL (or2cev) 4 100 E== Default
E GENEVA+PYTHIA8 E 80 ===~ Tune 3
= 800% [ 5 ER-) ——ay =0.118
i E i 1 E== Default 3 = ;0(7::;[‘
2 600 ¥ ---- Tune 3 3 2 60 .
T B : —— —o0118 4 T
~ EC 1 -1 as(mz) ERENS
.-g 400 No hadr. E -g 40
200E : , 20E § ALEPH (91.2GeV)
] I OPAL (91.2GeV)
- I T I IR - L b b Lo o 3
0 0.02 0.04 0.06 0.08 0.1 .1 0.12 0.14 0.16 0.18 2
P p

Hadronization (non-perturbative effect) is unconstrained.

Default Pythia8 Tune1 with a,(mz) = 0.1135 from r fits. [Abbate et al. 1006.3080]
Large shift due to hadronization, O(1), in the peak.

Power suppressed effects elsewhere, as expected.
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Hadronization and comparison with LEP data.

e Jet Broadening
T T T T T T T 150 e

500 crrrrrrrrr
E i GENEVA+PYTHIAS 3 GENEVA+PYTHIAS
400 ; i B Default é 125 E== Default
E |‘I E ===~ Tune 3 El % ---- Tune 3
5300 E i H-‘ 5 —— ﬂg("lZ):O.llSE § 100 —— ay(my)=0.11
. E |: No hadr. 1 o L No hadr.
8 = | 38
S 200F ! 4 % _F
Sk i 1 8 sof
E i 3 r
100 I_- { ALEPH (91.2 GeV) — 251 § ALEPH (91.2GeV)
5 I OPAL (91.2GeV) 3 F I OPAL (91.2GeV)
0 =L o v B b 03 o b b bocin b
0.05 0.1 0.15 0.2 8.1 0.17 0.19 0.21 0.23 0.25
B

B
Hadronization (non-perturbative effect) is unconstrained.
Default Pythia8 Tune1 with a,(mz) = 0.1135 from  fits.
Large shift due to hadronization, O(1), in the peak.
Power suppressed effects elsewhere, as expected.

[Abbate et al. 1006.3080]
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Hadronic collisions: pp — (Z/~* — £1£7) + jets

To extend GENEVA approach to Drell-Yan we need :

e A factorizable and resummable resolution parameter: Beam Thrust
To =X, pr,ie” 1" ~¥vI. Resummation known to NNLL

do®
= = . H U . B a U B
dradagdTs " (r)®@Un(pH, 1) - B(%a, pB,) ® UB(LB,, 1)
® B(xp, tp,,) @ Up(pB,, 1) ® ® Us (s, 1)
e Factorization on terms of , Beam B and Hard H functions. Evolution

kernels U are obtained by RGE running at NNLL in SCET.
o Two-loop Beam functions needed for NNLL in hadronic collisions recently
became available [ Gaunt et al. 1405.1044, 1401.5478]

Complications in going from e*e~ b Y/, 4 a
to hadron collisions:

e Beam Functions contain

convolutions with PDFs

e Preserving Beam Thrustand full v p
kinematicsinV +1—V 42

o Efficient Pythia8 showering without
changing 7o for ISR

e Proper framework to deal with MPI
e Re-tuning of GENEVA+PYTHIA ? Simone Alioli | GENEVA | Loo%;est XIll 18/06/2014 | page 13 [



Validation of pp — (Z/v* — £7¢7) + jets

200, 30 501
pp - Zfy - £ 25 PP Zjy > (70 pp—Zjy - ('
— 150 Em=7TeV | _ Em=7Tev | Ecm=7TeV
NNLL'+NNLO NNLL'+NNLO ] 29 NNLL'+NNLO
20 3
Q NLLANLO | S NLLNLO 1S ) NLL'+NLO
gloo = .g .
S g =
5 5 5 o5
S L 2
3 50 3 3
02| g
0! |
0 2 4 6 8 10 30 40 50 60 70 0
TolGeV] TolGev] TolGev]
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Validation of pp — (Z/v* — £7¢7) + jets

do /T, [pb/Gev]

do/dF [pb/GeV]

200, 30 50
PP Zy >0 ] e pp— Zjy = (1™ ) pp— Zfy = ('
150 Em=7TeV | _ m=7TeV ] Ecn=7TeV
NNLL'+NNLO ] 3 20 NNLL+NNLO { &' 29 NNLL"+NNLO
NLU+NLO | S NLL+NLO {9 o NLL'+NLO
100 8 g
o o
5 5 o5
s =
50 3 3
02 g
0! |
0 2 F 6 8 10 30 0 50 60 70 0
7o [GeV] 7o [GeV] To [GeV]
200 - 30 P 50| -
CGENEVAS pp = Zy = € (1TeV) 25 .G_EN}VA‘ pp = Zfy > (' (1 TeV) } .b.ENEVA' pp = Zfy - (' (1 TeV)
o 5 , =
150 GENEVA NLL#LO, | _ GENEVANLLELO, 3 | GENEVA NLL/#+LO,
—+ Partonic % 20 —I— Partonic % Partonic
== N0, | 2 EESNLL4LOY 19, EEE NLL'+LO,
100) 215 2
5 Sos
T 10 N
50 3 5
5 02
0 0
0 2 4 6 3 0 10 [5 20 25 30 30 40 50 60 70 80
FIGeV] FIGeV] FlGeV]
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Validation of pp — (Z/v* — £7¢7) + jets

200, 30, 50
PP Zy >0 ] e pp— Zjy = (1™ ) pp— Zfy = ('
150 Em=7TeV | _ m=T7TeV Ean=7TeV
3 NNLL'+NNLO | 3 20 NNLL'+NNLO {3’29 NNLL'+NNLO
Q NLLANLO | S NLLNLO 1S ) NLL'+NLO
2 100 =2 2~
S > <
5 5 5 o5
S B 2
S 50 3 3
02| ~e
0 —_ |
0 2 ) 6 8 10 30 40 50 60 70 80
7o [GeV] To[Gev] TolGev]
200 - 30 P 50| -
CGENEVAY pp - Z/y > ' (1TeV) »s CGENEVAY PP~ Zfy = (1 (TTeV) : .E;_ENEVA- pp = Zfy > £ (1TeV)
o 5 , -
_ 150 GENEVA NLL#LO, | _ GENEVANLLELO, 3 | GENEVA NLL/#+LO,
3 — Partonic Z —I— Partonic z - Partonic
= E=E NLL+LO, | & EESNLLALO 19, E=R NLL'+LO,
2 215 £
15¢ k Sos
5 g 10 5
=l = =l
5 02|
0
0 2 4 6 8 10 10 15 20 25 30 30 40 50 60 70 80
FGeV] FlGeV] FlGeV]
200 30 50
CEENEVAS PP Zly S £ (TTeV) | o CGENEVA® PP Zfy o £ T Te) | T CEENEVAS PP Zfy o £ (TTeV)
o = o
— 150 GENEVANNLL/+NLO; | GENEVA NNLL7+NLO: { — , | GENEVA NNLL+NLO;
g — Patonic 820 —}— Partonic E : —f— Partonic
2 100 B NNLL'+NLO; 2. B NNLL'+NLO, .gl.O B NNLL'+NLO;
- & S
§ \\\v& \ l 5 \\\»&t l §09
3 50 3 3 o\
5| 02 ??\‘— g
K 4
2 4 6 8 0 10 15 20 25 30 3 40 50 60 70 80
To[GeV] TolGeV] TolGeV]
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—>—‘j®—<—§
| | |
|

<4

ut ut
T T

Similarly to e*e™, both initial- and final-state showering should not spoil 7o
resummation.
Internal shower machinery untouched. Running shower repeatedly until

. TGE+PY _1GE
event accepted. Only small corrections “T% < )\ allowed.
0

Higher starting scale makes ISR less efficient than FSR. Investigating
better veto strategies.
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200
. N 50 -
CGENEVAS PP = Zfy = (7 (TTeV) 2 CGENEVAY PP Zfy = ('™ (TTeV) CGENEVAS PP - Z/y - (' (TTeV)
. , 5 . GENEVA NLL}+LO; . GENEVA NLL)+LO;
— 150 GENEVA NLL;+LO; | — =20 7+LOy
3 . 3 20 —}— Partonic S
3 —— Partonic 8 h o 3
g == showered | 3§ = Shower 510
E 100 B NLLU4LO, g 15| EEE NLL'+LO; g
0.5
= + 10 2
5 5 5 5 —}— Partonic
5| 0.2 £= Showered
B NLL+LO,
% 90 15 20 25 3 3 40 50 60 70 8
Tol[GeV] To[GeV] To[GeV]

Similarly to ete™, both initial- and final-state showering should not spoil Ty
resummation.
Internal shower machinery untouched. Running shower repeatedly until

. TGE+PY _1GE
event accepted. Only small corrections “T% < ) allowed.
0

Higher starting scale makes ISR less efficient than FSR. Investigating
better veto strategies.
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N
8
@
8
o
2

'.G.ENEV“. PP Zfy > ('t (T TeV)

CBENEVAY PP Zfy - (7 (TTeV)
GENEVA NNLL7+NLO;

GENEVA NNLL7-+NLO;

CGENEVAS PP Z/y = (7™ (TTeV)
- GENEVA NNLL/-+NLO;

g 2 20l <20
3 —} Partonic 3 20 —}— Partonic 3
g = g == Showered Qo
g Showered B " 210
S 10 N . g = B Lo 8
5 5 Sos
5 £ g
8 50 5 s

—}— Partonic (‘\'
02l E= Showered W\t, :
B NNLL+NLO,

15 20 25 3 3 40 50 60 70 8
To[GeV] To[GeV] To[GeV]

-
N
~
®
®
o
52

Similarly to e*e™, both initial- and final-state showering should not spoil 7o
resummation.
Internal shower machinery untouched. Running shower repeatedly until

GE+PY7TGE|
0

. T,
event accepted. Only small corrections —*——zz—"— < X allowed.
0

Higher starting scale makes ISR less efficient than FSR. Investigating
better veto strategies.
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do/dgr [pb/GeV]
8 8 8 &

5

o

N}
S
o
°

CGENEVAY PP Z - (' (8 TeV)
* showered NLL;+LO;
3~ 1=01
== =005

(GENEVA® pp— Z - (1 (8TeV)
° showered NLL+LO;

= a=01

= 1=005

N
o

=
o

o

do/dgr [pb/GeV]
5
o
N

do/dar [pb/GeV]
S

o
1=}
ey

5 10 15 20 30 25 30 35 40 45 5 60 80 100 120 140
ar [GeV] Ir [Gev] qr [Gev]

Similarly to e*e~, both initial- and final-state showering should not spoil 7o

resummation.

Internal shower machinery untouched. Running shower repeatedly until
7—0GE+PY77E’GE|

event accepted. Only small corrections % < A allowed.
0

Higher starting scale makes ISR less efficient than FSR. Investigating
better veto strategies.
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200 30
- B N 50) P
CGENEVAY PP - Zfy - (71" (T TeV) p ..G.Er\iEVA' PP Zy > (71" (TTeV) .G.EN?EVA- pp - Zfy = ' (T TeV)
— 150 - GENEVA NLL;+LO; | — GENEVANLL7+LOy 3 GENEVA NLLj+LO;
3 = shonered | § 20 E= Showeed 5 == Showered
2 E= Hadronized | & B8 Hadronized 19 E== Hadronized
2 100 E1s g
5 S 10 5 0.5
3§ s E 3
5 02
46 15 20 %5 Y 40 50 0 70 80
To[Gev] To[Gev] TolGev]
200 30 - 50| -
CEENEVAS PP Zly > (1 (TTeV) | LBENEVAS PP Z/y = (' (TTeV) CEENEVAS PP Zfy > (' (TTeV)
— 150 © GENEVANNLL;+NLO{ — GENEVANNLL7+NLO, § _ | GENEVA NNLL +NLO;
3 = shonered | § 20 E= Showered 5 = == Showered
s E= Hadronized | & B Hadronized 19 E= Hadronized
2100 2 2
g s ERP
g S 3
3 50 WACLN s S ) f‘:\'\“
[\ 0.2\
% 2 4 3 8 0 96 15 20 %5 Y 40 50 0 70 80
7o [GeV] To[GeV] To [GeV]

» As expected and observed in e*e~, hadronization gives O(1) shift in peak
» At larger 75 it reduces to power corrections

» PYTHIA 8 tunes includes shower effects — replacing PYTHIA showering
by GENEVA could imply re-tuning of GENEVA+PYTHIA would be
necessary
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ell-Yan: predictions f

80| DY(QT, Egn=7TeV, my =my DYQT, Ecn =7 TeV, my =y DYqT, Egn = 7TeV, m, =my

= B NNLL4NLO, | — B NNLLANLO, | _ g == NNLL+NLO;
>

& % BEE NLL+LO, 3 BN NLL+LO, BB NLL+LO,
5 5 5
= 2 g
= 40 <
g £ £010
3 5 3 8005

K %

0 5 10 15 20 20 25 30 3 40 45 50
ar [GeV] ar [GeV] or [GeV]
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ell-Yan: predictions for

80 DYQT, Ecm=7TeV, my =mz 15 DYQT, Eem =7 TeV, my =mz DYQT, Ecn = 7 TeV, my = mz
= B NNLL4NLO, | — B NNLLANLO, == NNLL+NLO;
>
§ 0 BEE NLL+LO; E EEE NLL+LO, 8 050 EEE NLL+LO;
£ g1 )
£ 40 = =
g g £010
3 5 85 5 005
K %
0 5 10 15 20 20 25 30 3 40 45 50
ar [GeV] Ir [GeV] Ir [GeV]
100, 20
CEENEVAY pp o Z/y - £ (TTeV) CEENEVAS PP Zfy > (7 (TTeV)
_ 80 o NLLj+LO; _ 15 NLL7+LO;
3 — Partonic E 4 Partonic
Q 60 == Showered 2 == Showered
2 = DY =10 B DYqT,
=
£ AN P
5 B
© 2 5
K %
5 10 15 20 20 25 3 3 40 45 50
qr [Gev] Ir [GeV]
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Drell-Yan: predictions for ¢} and comparison with DYqQT

80| DY(QT, Egn=7TeV, my =my 5 DYQT, Ecn =7 TeV, my =y DYqT, Egn = 7TeV, m, =my
= B NNLL4NLO, | — B NNLL+NLO, <100 == NNLL+NLO;
& % EEE NLL+LO, 3 BN NLL+LO, g 050 EEE NLL+LO,
2 g1 g
£ 40 = =
g g £010
3 5 85 8005

K %

0 5 10 15 20 20 25 30 3 40 45 50
ar [GeV] Ir [GeV] Ir [GeV]

60, 20

= CEENEAY PP Z/y - £ (TTeV) CGENEVAY PP Z/y - £ (T TeV)
_ NNLL7+NLO; | _ g - NNLL7+NLO;
g 40 —}~ Partonic E 1~ Partonic
S = &= Showered
% 30 2 10 une 1;
£ g
3 & S 5

10f ]

g
% 5 10 i5 20 % 530
ar [GeV]
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Drell-Yan: predictions for ¢} and comparison with DYqQT

do/dar [pb/GeV]

do/dy [pb/GeV]

dor/clyr [ph/GeV]

80| DY(QT, Egn=7TeV, my =my 5 DYQT, Ecn =7 TeV, my =y DYqT, Egn = 7TeV, m, =my
B NNLL4NLO, | — B9 NNLL+NLO: | _ 100 == NNLL+NLO;
60 EEE NLL+LO, 3 BN NLL+LO, 8 050 EEE NLL+LO,
510 5
= g
40 s
£ £ 010
2 85 8005
K %
0 5 10 15 20 20 25 30 3 40 45 50
ar [GeV] Ir [GeV] Ir [GeV]
60, 20
= CEENEAY PP Z/y - £ (TTeV) CGENEVAY PP Zfy - (1 (TTeV)
NNLL7+NLO; | _ g - NNLL/+NLO, _2
40 —f— Partonic E ~}= Partonic 3 1
= == Showered %
30 2 10) - tunel S ol
. g g
1) _g X
B S 5|
10 1
K %
0 5 10 i5 20 25 30 3% 4 45 5
o tean " tean
60, 20
- ./‘cf{mﬁ; PP Zy - (70 (TTeV) ENEVA® PP Z/y - (' (T TeV)
NNLL;+NLOy | _ 45 NNLL/+NLOy _
40, = Showered | 3 == Showered 3
== Hadronized _% B= Hadonized |9
30 ---tunell {=10 --- tunell s
0 g ‘,@{ g ;
5 5 502
10 0.1
% 5 10 15 0 %H W B/ w0 B w0 60 80 100 120 140
qr [GeV] qr [GeV] qr [GeV]
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

NNLO accuracy in exclusive N-jet cross section

do™° ¢ dUgN " de{* P doB-¢ ¢
7—(:11 — P A @ 7 7—(‘.\1 N Tcu, + N Tcu,
7d<I>N( N dDx N(PN; TN + FTe (Tn") Ay (T8™)
resummed FO singular matching FO nonsingular
matching
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

NNLO accuracy in exclusive N-jet cross section

do¥® o doSy oo Ao e doBTC
= = AN(PN; TNY) = — (TR + ——(T"
day TN = qg, AN@NTNT) + 35 = (TN )+ =3 —(T87)
resummed FO singular matching FO nonsingular

matching

e Singular part of NNLO cross-section, contains all log(75"*)
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

NNLO accuracy in exclusive N-jet cross section

do’]’(lfc ut do-gN cut da—]C\}is ut da—ffic cut
= —— An(PNn; TN
de)N( ) ATy N(®N;TNY) + Ere (TN")+ don (T8")
resummed FO singular matching FO nonsingular
matching

e Singular part of NNLO cross-section, contains all log(75"*)
o Sudakov factor, provides (at least) LL resummation of 71t

. "dPn41 Sny1(PNy1) ut }
An(Pr; TS = expd — . O[Tn (P > T
NS TR = exp{ - [ AL TGN (75 () > T

Simone Alioli | GENEVA | LoopFest Xl 18/06/2014 | page 18 [l



Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

NNLO accuracy in exclusive N-jet cross section

do¥° ut doSy ¢ do 7% o doB=¢ ¢
= =X AN (BN TRY) +— 2 (TR )+ 2 (T3
day TN = qg,, AN@NTNT) 70 TN+ =3 —(T87)
resummed FO singular matching FO nonsingular
matching

e Singular part of NNLO cross-section, contains all log(75"*)
o Sudakov factor, provides LL resummation of 754
e Corrects singular 75"* dependence from Sudakov expansion.
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

Exclusive N-jet cross section

C c-S B-C
dO’J’\QfC ut d0'>1\] t do t doy t
= =2 An(On; TR D — (TN 4+ — TN
resummed FO singular matching FO nonsingular
matching

Singular part of NNLO cross-section, contains all log(75"%)
Sudakov factor, provides LL resummation of 75"

Corrects singular 75"t dependence from Sudakov expansion.
Corrects the finite terms to the exact NNLO cross section.

Simone Alioli | GENEVA | LoopFest Xl 18/06/2014 | page 18 [l



Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to
achieve NNLO accuracy in LL accurate SMC. [1311.0286]

Exclusive N-jet cross section (NNLO+LL)

C c—-S B-C
do™° ¢ doX ¢ do ¢ do "
Tc(u — P AN ¢)N . Tcu + N Tcu + N Tcu
s (TV") = g A (@ TA™) +- (T84 =i —(T3")
resummed FO singular matching FO nonsingular
matching
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Combining fully exclusive NNLO with parton shower.

We have worked out analytically the ingredients (and the recipe) needed to

achieve NNLO accuracy in LL accurate SMC. [1311.0286]
Exclusive N-jet cross section (NNLO+LL)
do¥® . doSy . doffs . daﬁfc 4
Cu — = A q) . cu cu cu
Dy N = gy AVE@NTNT) +=34 = (W + =35~ (T8
resummed FO singular matching FO nonsingular
matching

Similar formulation for N + 1-jet inclusive cross section (NLO+LL) and
separation into N + 1-jet exclusive and N + 2-jet inclusive

do¥% 4
>1 cut
TNy, IN>TNT)
dcr]"ffc 1 ¢ ¢ da!‘}\,
+2 “ut “ut
(T > TR TR, =——(Tn > TN", Tn+1 > TNT)
d®n 11 dP N2

Framework general enough to re-derive MiNLO-based NNLO+PS of
[Hamilton, Nason, Re, Zanderighi 1309.0017] and UNNLOPS approach of [Hoeche, Li,
Prestel 1405.3607]

Immediate application of this framework in GENEVA to obtain NNLO
accuracy ...
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GENEVA @ NNLO+NNLL 7,

What do we need to make GENEVA NNLO accurate?
do
Inclusive cross section NLO,
accurate

Perturbative O (a.) everywhere

Logarithms of merging scale (73")
cancel at NNLL by construction:
merging of NLO, and NLO; is a

by-product
T Tn
With NNLL resummation, NNLO singular contributions are included
dcr cu dg_febllt‘n"]ed cu do- <‘u
\/ d<1>>N AN(PN; TN t) T(T t) d<1> t =0

onsingula NNLO n

XS0 () — S () 4 SR (75) (suppr- as (TR™)")

Addlng NNLO non-singular to GENEVA 0-jet bin we get NNLO+NNLL 7, .
Work in progress ... stay tuned.

Simone Alioli | GENEVA | LoopFest X1 18/06/2014 | page 19 [l



GENEVA @ NNLO+NNLL 7,

What do we need to make GENEVA NNLO accurate?

% 2007”””””\””
; .Es‘ENEVA‘ pp o Z/y - £t~ (7T TeV)

\
/ f t; _ .:
100- GENEVA: [ PRELIMINARY ]
o ' DYNNLO: £ NNLO #=2 NLO &= LO ;
e T S R A R
\ Y
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Conclusions and outlook

.GENEVA‘ provides a framework for combining higher-order resummation
with multiple NLO calculations and shower/hadronization.

Based on IR-safe, jet-like definitions of events.

Uses a physics observable, N-jettiness, factorizable and whose resummation is
known to NNLL as jet resolution parameter

— and Drell-Yan results looks encouraging.

Given formulas for jet cross section at the necessary accuracy in both fixed order
(NNLOx,NLOy +1,LOn+2) and resummation regions (LL). Discussed shower
matching.

Path to NNLO+NNLL clearly defined. Next steps:

e Adding more jets, e.g. pp — V + 0, 1, 2 and validation with
LHC data.

e Looking into other processes, e.g. gg — H + 0, 1,2 jets.

o Investigate resummation of different resolution
parameters

e Study interface to other SMC: HERWIG++, SHERPA ...
e Assess need for specific tuning of GENEVA + SMC.
¢ Inclusion of NNLO non singular corrections

Thank vou for vour attenﬁon! Simone Alioli | GENEVA | LoopFest XIII 18/06/2014 | page 20 [



BACKUP
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GENEVA: quick overview

* Monte Carlo is built on the idea of factorization 1
Hard Interaction
HH ——
i Shower
J Evolution
Hs .
Hadronization
Agop—-X

PDFs
Hadronization
Underlying Event

Hard Collinear
deM? = . ) Soft  |®
Interaction Evolution Radiation

Parton Shower Evolution

Replaces parton-shower evolution with higher order logarithmic
resummation from .y to us, ps, p1s-
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Perturbative ingredients for resummation

Fixed-order corrections

Resummation input

singular  nonsingular Va TCeusp Ié]
LL LOx - - 1-loop 1-loop
NLL LOx - 1-loop 2-loop 2-loop
NLL’ NLOx - 1-loop 2-loop 2-loop
NLL +LOn 41 NLOx LOn 41 1-loop 2-loop 2-loop
NNLL+LO x4 NLOx LOn41 2-loop 3-loop 3-loop
NNLL NNLOy - 2-loop 3-loop 3-loop
NNLL'+NLOx 1 | NNLOy NLOn 1 2-loop 3-loop 3-loop
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Beam Functions

;I,VA changing * up changing t ;ZH
Beam functions are perturbative objects, connected to PDF via OPE in SCET
td
Bi(t,z;up) = Z/ ffik(t §§#B)fk(f§.UB)
k x

Calculating these integral on-the-fly is not computationally feasible
We have prepared interpolation grids for all convolutions we need in GENEVA.

These grids are LHAPDF®6 grids, we can use all the LHAPDF6 machinery, including
the interpolator to get the values event-by-event
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Beam Functions

Beam functions are perturbative objects, connected to PDF via OPE in SCET
1
d,
Bi(t,z;pp) = Z/ fIm(t, %;MB)fk(E;MB)
k T

Calculating these integral on-the-fly is not computationally feasible

We have prepared interpolation grids for all convolutions we need in GENEVA.
These grids are LHAPDF®6 grids, we can use all the LHAPDF6 machinery, including
the interpolator to get the values event-by-event

Results have been validated against direct integration, e.g. CTIONNLO P,; ® g

1
1 01} Q = 162327 GeV
18 ooik
et
] g 0001}
0.1} Q=162327 3 0 —
—4 e
107 1075} ]
10_] = L L L —6 . ) .
® w0 et 00 1 Y0 0 w00 oo 1
X X
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Scale profiles and theoretical uncertainties

Theoretical uncertainties in resum. are NLO DD 7 5 01 8 Tey
evaluated by independently varying 1000 PP 20 BTeY) |
each . Final results are added in < 500
quadrature 3
L . 5 full NLO ingul
Range of variations is tuned to turn off & 100 ! e
the resummation before the £ 050 )
nonsingular dominates (vi-dependent) & nonsingular
and to respect SCET scaling ® ot
HH Z KB Z Hs 0.05 B
FO unc. are usual {2up, um /2} 0 20 20 60 80 100
variations. Added linearly. To [GeV]
200 ; ; ;
150} YI<2 ]
HB 1
Hs
Mi 100 pH ]

0 20 40 60 80

80
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Preserving the 7; value in V + 1 — V + 2 partons splittings

dUNLO
dd,
When calculating NLO; we must preserve d®;
Real emissions must preserve both d*gé(¢* — M7, ,_) and
7o EﬁTyle*hJV*ﬁl‘ =praelvv—ml + proe” lyv —n2l

(T0) = [B1(®1) + Vi (®1)] 6(T(®1) — To) + / S Ba(®2) 8 (T(@1(#2)) = T0)

Standard FKS or CS maps are not
designed to preserve Ty. They are
design to preserve other quantities, like
3 or Yiot. We had to design our own
To-preserving map. Fixed NLO results
are of course map independent.
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Iterating the Geneva method to higher multiplicities

Geneva approach can be iterated to merge several multiplicities at NLO

Separation of cumulant and spectrum

doina ut APy »
ddn d‘I)N (TC )+ Aoy d<I>N+1 (Tw) 0(Tn > TN,
doine _ dia ut dPnye2 do ut
d®Pny1  dPn41 (Tv+1) AByi1 APy 12 (Twv+1) O(Twv+1 > TaF1)

doine do ut

AP d@wm( Nmax

— )
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Iterating the Geneva method to higher multiplicities

Geneva approach can be iterated to merge several multiplicities at NLO

Resummation factors U replaces shower Sudakovs

do_resum do_resum
Un (@ =
~(®w,Tv) d<I>NdTN/d<I>NdTN o
dUKfC uty dU ut
oy (V)= gon TN,
do‘]“c’a»l ut do

— ut <I)
dCI’N-H N+1 d¢‘N+1 (TJ\CI-H)UN( N,TN)7

MC
dJZNmax _ do ( Nut
masx
APNpax  APNpax

X X UNmaxfl((bNmax*17TNmaxfl)

— 00) Un(®n, TN) Un+1(Pn41, Tv+1)
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